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(54) Analog signal transmission circuit 

(57) An analog signal transmission circuit com- 
prises a transformer (6), an amplifier (1) for driving the 
transformer, first and second polar capacitors (8) con- 
nected in series between the amplifier and the trans- 
former such that those terminals of the first and second 
polar capacitors which have the same polarity are con- 



nected to each other, and an element (9), connected to 
the terminals of the first and second polar capacitors, for 
applying a DC bias in accordance with the polarity of the 
terminals of the first and second polar capacitors. 
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Description 

This application is based on Japanese Patent Appli- 
cation No. 9-75187, filed March 27, 1997, the content of 
which is incorporated herein by reference. s 

The present invention relates to an analog signal 
transmission circuit, and in particular to an analog sig- 
nal transmission circuit in which a DC offset current is 
cut by polar capacitors. 

In general, an analog signal transmission circuit 10 
provided in a modem or the like incorporates a drive cir- 
cuit which has a transformer for transforming power and 
insulating the analog signal transmission circuit from an 
external circuit. The transformer is driven by a single- 
end type amplifier or a push-pull type amplifier (herein- is 
after referred to as a differential amplifier). 

FIG. 1 shows a conventional analog signal trans- 
mission circuit in which the transformer is driven by a 
differentia! amplifier 1. As seen from FIG. 1, the ampli- 
fier 1 is a differential input/output type amplifier and has 20 
a positive output terminal 2 and a negative output termi- 
nal 3. Signals are supplied from the output terminals 2 
and 3 to the transformer 6 through output resistors 4 
and 5, respectively. The values of the output resistors 4 
and 5 are determined so as to satisfy the impedance 25 
matching with the characteristic impedance of a com- 
munication circuit connected to secondary windings of 
the transformer 6. The output terminals 2 and 3 of the 
amplifier 1 are connected to the transformer 6 in a DC 
manner. In general, a DC voltage is superimposed on 30 
the output of the amplifier 1 . The voltage between the 
output terminals 2 and 3 includes an error voltage 
referred to as "offset voltage". In the circuit shown in 
FIG. 1 , a DC offset current I flows due to the offset volt- 
age as shown in FIG. 2. The offset current I flows 35 
through windings of the transformer 6. The offset volt- 
age at the positive output terminal 2 is higher than that 
of the negative output terminal 3. Thus, the current flow- 
ing through the windings of the transformer 6 has the 
waveform shown in FIG. 3. The offset current I flows 40 
from the positive output terminal 2 to the negative out- 
put terminal 3 as indicated by arrows in FIG. 2. 

If the offset voltage at the negative output terminal 
3 is higher than that at the positive output terminal 2, the 
offset current I flows from the negative output terminal 3 45 
to the positive output terminal 2. 

FIG. 4 shows a conventional analog signal trans- 
mission circuit in which no offset current I flows through 
the windings of the transformer 6. The circuit has a 
capacitor 7 for cutting a direct current. Thus, the capac- so 
itor 7 prevents the offset current I from flowing through 
the windings of the transformer 6. The capacitor 7 is a 
non-polar one as in most analog signal transmission cir- 
cuits. This is because which potential is higher, the 
potential at the positive output terminal 2 or the potential 55 
at the negative output terminal 3, depends on each ana- 
log signal transmission circuit. 

Generally, a circuit for processing low-frequency 



2 

signals has a capacitor which has a large capacitance. 
A few kinds of non-polar capacitors, each having a large 
capacitance, are available. In particular, only a few 
kinds of non-polar capacitors, each having a capaci- 
tance of tens of microfarads (nF) are available. Hence, 
as is well known, polar capacitors are modified to be 
non-polar and used in most cases. 

FIG. 5 shows a conventional analog signal trans- 
mission circuit having two polar capacitors 8, not a non- 
polar capacitor. The two polar capacitors 8 are con- 
nected in serial and are non-polarized. They are con- 
nected at their negative-side terminals. They may be 
connected at their positive-side terminals. 

FIG. 6 shows a conventional analog signal trans- 
mission circuit which differs from the circuit shown in 
FIG. 5 in that the transformer 6 is connected between 
the capacitors 8. However, the circuit has the same 
advantage as the circuit shown in FIG. 5. 

The circuits shown in FIGS. 5 and 6, having non- 
polarized capacitors, however, have the following disad- 
vantages: 

One of the capacitors cannot perform its inherent 
function since a reverse DC voltage is applied to it. 
Thus, it cannot cut a DC offset current reliably. To be 
more specific, its capacitance decreases when a 
reverse voltage is applied to the capacitor. Thus, it is 
small, as compared with the case where a forward volt- 
age is applied to the capacitor. 

The object of the present invention is to provide an 
analog signal transmission circuit which uses polar 
capacitors, and is designed such that a forward DC volt- 
age is applied to the polar capacitors, ensuring the func- 
tions thereof. 

The analog signal transmission circuit of the 
present invention comprises a transformer, an amplifier 
for driving the transformer, and first and second polar 
capacitors which are connected in series such that 
those terminals of the first and second polar capacitors 
which have the same polarity are connected to each 
other, 

wherein the analog signal transmission circuit 
includes an element, which is connected between the 
terminals of the first and second polar capacitors which 
have the same polarity, for applying thereto a DC bias in 
accordance with the polarity of the terminals of the first 
and second polar capacitors. 

In the circuit, a predetermined DC bias is applied to 
the terminals of the first and second polar capacitors, 
and the potentials of the DC components at the termi- 
nals of the first and second capacitors are fixed at a DC 
bias potential. Therefore, the relationships between the 
DC offset potential of the output of the amplifier 1 and 
the potentials at the terminals of the first and second are 
the same as each other. A forward DC voltage can be 
applied to each of the first and second polar capacitors. 
Therefore, the polar capacitors can perform their inher- 
ent functions. The analog signal transmission circuit has 
a high performance. 
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A resistor or an inductance element can be used as 
the element for applying a DC bias. 

As explained above, according to the present inven- 
tion, the analog signal transmission circuit is designed 
such that a forward DC voltage is applied to the polar 5 
capacitors. Thus, the polar capacitors can perform their 
inherent functions. A device having the circuit of the 
present invention can operate reliably. 

The invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which; 

FIG. 1 is a view showing the structure of a conven- 
tional analog signal transmission circuit. 

FIG. 2 is a view for explaining a DC offset current in 
the conventional analog signal transmission circuit. 

FIG. 3 is a view showing an output waveform of the 
conventional analog signal transmission circuit. 

FIG. 4 is a view showing the structure of another 
conventional analog signal transmission circuit. 

FIG. 5 is a view showing the structure of a further 
conventional analog signal transmission circuit. 

FIG. 6 is a view showing the structure of yet another 
conventional analog signal transmission circuit. 

FIG. 7 is a system block diagram of a computer sys- 
tem in which an analog signal transmission circuit 
according to the embodiment of the present invention is 
applied to a modem. 

FIG. 8 is a circuit diagram showing the structure of 
the analog signal transmission circuit according to the 
embodiment of the present invention. 

FIG. 9 is a view showing an output waveform of the 
analog signal transmission circuit according to the 
embodiment of the present invention. 

FIG. 10 is a circuit diagram showing a second 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 1 1 is a circuit diagram showing a third example 
of the analog signal transmission circuit according to the 
embodiment of the present invention. 

FIG. 12 is a circuit diagram showing a fourth exam- 
ple of the analog signal transmission circuit according to 
the embodiment of the present invention. 

FIG. 13 is a circuit diagram showing a fifth example 
of the analog signal transmission circuit according to the 
embodiment of the present invention. 

FIG. 14 is a circuit diagram showing a sixth exam- 
ple of the analog signal transmission circuit according to 
the embodiment of the present invention. 

FIG. 15 is a circuit diagram showing a seventh 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 16 is a circuit diagram showing an eighth 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 1 7 is a circuit diagram showing a ninth exam- 
ple of the analog signal transmission circuit according to 
the embodiment of the present invention. 

FIG. 18 is a circuit diagram showing a tenth exam- 
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pie of the analog signal transmission circuit according to 
the embodiment of the present invention. 

FIG. 19 is a circuit diagram showing an eleventh 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 20 is a circuit diagram showing a twelfth exam- 
ple of the analog signal transmission circuit according to 
the embodiment of the present invention. 

FIG. 21 is a circuit diagram showing a thirteenth 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 22 is a circuit diagram showing a fourteenth 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 23 is a circuit diagram showing a fifteenth 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 24 is a circuit diagram showing a sixteenth 
example of the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 25 is a circuit diagram showing the first exam- 
ple of an operating point-determining circuit of an ampli- 
fier provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

FIG. 26 is a circuit diagram showing the second 
example of the operating point-determining circuit of the 
amplifier provided in the analog signal transmission cir- 
cuit according to the embodiment of the present inven- 
tion. 

FIG. 27 is a circuit diagram showing the third exam- 
ple of the operating point-determining circuit of the ana- 
log signal transmission circuit according to the 
embodiment of the present invention. 

The embodiment of the present invention will be 
explained with reference to the accompanying draw- 
ings. 

FIG. 7 is a block diagram of a computer system in 
which an analog signal transmission circuit according to 
the embodiment of the present invention is applied to a 
modem circuit. 

The computer system shown in FIG. 7 has a sys- 
tem bus 10A and an inner bus 10B. The following struc- 
tural elements are connected to the system bus 10A: a 
CPU 11 for controlling the computer system; a ROM 
(read-only memory) 12 in which a fixed program or the 
like is stored; a RAM (random-access memory) 13 con- 
stituting a main memory in which a program, a data or 
the like, to be processed, is stored; a DM AC (direct 
memory access controller) 14 for controlling direct 
memory access; a PIT (programmable interval timer) 16 
which can be set according to a program; an RTC (real- 
time clock) 1 7 which is a clock module having a battery 
for use in operation; a backup RAM 19 serving as adata 
storing region having a resume function; an EBC 
(extension bus connector) 20 for use in extension of the 
function; a HDC (hard disc controller) 21 for interfacing 
a hard disc drive 43; an FDC (floppy disk controller) 22 
for controlling a floppy disk drive 35; a print controller 23 
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for controlling a printer 45; a UART (Universak Asyn- 
chronous Receiver/Transmitter) 24 which is an 
input/output interlace to which an RS-232C interface 
device 46 such as a modem circuit or the like is con- 
nected as occasion demands; a KBC (keyboard control- 
ler) 25 for controlling an input operation of a keyboard 
36; a DISP-CONT (display controller) 26 for controlling 
an LCD 37; a VRAM (video RAM) 27 to which a backup 
power supply voltage is applied; a PC card controller for 
controlling kinds of cards such as a modem card 28; 
and a PS-IF (power supply-control interface) 30 con- 
necting a power supply circuit 32 to the CPU 1 1 through 
the system bus 10A. In the embodiment, for example, a 
modem circuit 50 serving as a communication board is 
connected to an EBC (extension bus connector) 20. 

FIG. 8 shows the structure of the analog signal 
transmission circuit according to the embodiment of the 
present invention which is applied to, e.g., the modem 
circuit 50 or the modem card 28 shown in FIG. 7. The 
analog signal transmission circuit is used as a hybrid 
circuit for enabling a four-wire transmission line to be 
used, in addition to a two- wire transmission line, in a 
modem or the like, and comprises a transmitter for 
transmitting an analog signal through an external two- 
wire communication line, and a receiver for receiving an 
analog signal externally sent through the external com- 
munication line. 

The transmitter comprises a differential amplifier 1 , 
output resistors 4 and 5, two polar capacitors 8, and a 
resistor 9 for use in application of a DC bias. The 
receiver comprises a differential amplifier 1 01 for receiv- 
ing and amplifying a signal externally transmitted 
through input resistors 104 and 105, resistors 102 and 
1 03 for use in prevention of counterflow of a differential 
output from the differential amplifier 1 , and resistors 106 
and 1 07 for use in connection of a negative-feedback 
loop. 

As shown in FIG. 8, one end of the resistor 9 is con- 
nected to a node at which those terminals of the two 
polar capacitors 8 which have the same polarity are 
connected to each other, and the other end of the resis- 
tor 9 is connected to a ground terminal AG. The analog 
signal transmission circuit shown in FIG. 8 is directed to 
the case where the DC offset voltages at output termi- 
nals 2 and 3 of the amplifier 1 are positive with respect 
to the potential of the ground terminal AG (hereinafter 
referred to as "ground potential"). To be more specific, 
the negative-side terminals of the capacitors 8 are 
grounded through the resistor 9, and the potentials at 
the terminals 2 and 3 are positive. Thus, the capacitors 
8 are forward -biased. When an AC analog signal is out- 
put from the differential amplifier 1, the positive side of 
each of the capacitors 8 performs an oscillation function 
on the basis of a DC potential of the output of the ampli- 
fier 1 , and the negative side of each capacitor 8 per- 
forms an oscillation function on the basis of the ground 
potential. 

The capacitors 8 cut the DC components of the 
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positive voltages at the output terminals 2 and 3. Thus, 
a direct current is prevented from flowing through the 
windings of the transformer 6, and the output waveform 
of the windings is obtained as shown in FIG. 9. 

5 In the analog signal transmission circuit shown in 

FIG. 8, the polar capacitors 8 are connected such that 
those terminals of the capacitors 8 which have the same 
polarity face each other, and are forward-biased, ensur- 
ing the inherent functions of the capacitors 8. Therefore, 

10 a device having the analog signal transmission circuit 
can operate reliably. In addition, the following advantage 
can be obtained: 

The capacitors 8 and the resistor 9 are located in a 
small region. In other words, a DC bias circuit compris- 

15 ing the capacitors 8 and the resistor 9 is small. As a 
result, the analog signal transmission circuit is also 
small. 

FIG. 10 shown the second example of the transmit- 
ter provided in the analog signal transmission circuit 

20 according to the embodiment of the present invention. 

In the second example, the two polar capacitors 8 
are connected in series through the windings of the 
transformer 6 such that those terminals of the capaci- 
tors 8 which have the same polarity are connected to 

25 each other. One end of the resistor 9 is connected to a 
node at which one of the windings of the transformer 6 
is connected to the negative side of one of the capaci- 
tors 8 which is connected to the negative output termi- 
nal 3 of the differential amplifier 1 . The other end of the 

30 resistor 9 is connected to the ground terminal AG. 

The second example is also directed to the case 
where the DC voltages at the output terminals 2 and 3 
of the amplifier 1 are positive with respect to the ground 
potential. The potential of the DC component at the neg- 

35 ative side of each capacitor 8 is held at the ground 
potential by the resistor 9. The output terminals 2 and 3 
are positive, and thus the capacitors 8 are forward- 
biased. 

When a DC analog signal is output from the differ- 
40 ential amplifier 1 , the positive side of each capacitor 8 
performs an oscillation function on the basis of a DC 
potential of the output of the amplifier 1 , and the nega- 
tive side of each capacitor 8 performs an oscillation 
function on the basis of the ground potential. 
45 A direct current is prevented from flowing through 
the windings of the transformer 6 since the DC compo- 
nents of the positive voltages at the output terminals 2 
and 3 are cut. 

By virtue of the above structure, the transmitter 
so shown in FIG. 10, as well as the transmitter shown in 
FIG. 8, ensures the inherent functions of the capacitors 
8 since the capacitors 8 are forward-biased. Thus, a 
device having the transmitter of FIG. 10 can operate 
reliably. 

55 FIG. 1 1 shows the third example of the transmitter 
provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 
In the third example, the ends of two resistors 9 
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having the same value are respectively connected to 
the negative-side terminals of the two polar capacitors 
8. The other ends of the resistors 9 are connected to the 
ground terminal AG. The third example is also directed 
to the case where the DC voltages at the output termi- 5 
nals 2 and 3 are positive with respect to the ground 
potential. The number of resistors is larger than that of 
resistors provided in each of the transmitters shown in 
FIGS. 8 and 10, in order to more balance the AC com- 
ponent. 10 

More specifically, in the circuits of FIGS. 8 and 10, 
a noise is applied to only one end side of the windings 
of the transformer 6 through the resistor 9, when the 
ground potential varies. The noise is transmitted to a 
communication line as a normal mode noise which var- 15 
ies only the potential of one of the two wire paths of a 
two-wire transmission line, since the transformer 6 is not 
balanced with respect to the ground terminal AG. The 
normal mode noise is an undesirable noise for commu- 
nication. 20 

On the other hand, in the circuit of FIG. 11, when 
the ground potentials vary, the varied potentials, which 
are identical, are applied to both end sides of the wind- 
ings of the transformer 6 through the resistors 9. In 
other words, they are transmitted to the transformer 6 as 25 
common mode noises. Common mode noise compo- 
nents are eliminated by the transformer 6. Therefore, no 
noise is transmitted to the communication line compris- 
ing two transmission lines. 

FIG. 1 2 shows the fourth example of the transmitter 30 
provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the fourth example, the transformer 6 and the 
resistor 9 are connected between the negative sides of 
the two polar capacitors 8. One end of the resistor 9 is 35 
connected to a tap of the transformer 6, and the other 
end of the resistor 9 is connected to the ground terminal 
AG. The fourth example is also directed to the case 
where the DC voltages at the output terminals 2 and 3 
are positive with respect to the ground potential. The tap 40 
of the transformer 6 is located at a middle point of the 
windings, balancing the AC component as in the trans- 
mitter shown in FIG. 1 1 . In the transmitter shown in FIG. 
12, a common mode noise is applied to the transformer 
6 through the resistor 9, and a common mode noise 45 
component is eliminated due to the common mode 
component-eliminating function of the transformer 6. As 
a result, no noise is transmitted to the communication 
line. 

FIG. 13 shows the fifth example of the transmitter so 
provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the fifth example, the positive-side terminals of 
the two polar capacitors 8 are connected to each other. 
One end of the resistor 9 is connected to a node at 55 
which the capacitors 8 are connected to each other, and 
the other end of the resistor 9 is connected to the 
ground terminal AG. The transmitter of the fifth example 



corresponds to the transmitter shown in FIG. 8. How- 
ever, unlike the transmitter of FIG. 8, the transmitter of 
the fifth example is directed to the case where the DC 
voltages at the output terminals 2 and 3 are negative 
with respect to the ground potential. Thus, the potentials 
of the DC components at the positive sides of the two 
polar capacitors 8 are held at the ground potential by 
the resistor 9. The capacitors 8 are forward -biased 
since the potentials of the output terminals 2 and 3 are 
negative. 

When a DC analog signal is output from the differ- 
ential amplifier 1 , the negative side of each capacitor 8 
performs an oscillation function on the basis of the DC 
potential of the output of the amplifier 1 , and the positive 
side of each capacitor 8 performs an oscillation function 
on the basis of the ground potential. 

A direct current is prevented from flowing through 
the windings of the transformer 6 since the DC compo- 
nents of the negative voltages at 'the output terminals 2 
and 3 are cut. 

FIG. 14 shows the sixth example of the transmitter 
provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the sixth example, the positive-side terminals of 
the two polar capacitors 8 are connected through the 
transformer 6. One end of the resistor 9 is connected to 
the positive-side terminal of one of the capacitors 8 
which is connected to the negative output terminal 3. 
The other end of the resistor 9 is connected to the 
ground terminal AG. This example is also directed to the 
case where the DC voltages at the output terminals 2 
and 3 are negative with respect to the ground potential. 
The potentials of the DC components at the positive 
sides of the capacitors 8 are held at the ground potential 
by the resistor 9. The capacitors 8 are forward-biased 
since the potentials of the output terminals 2 and 3 are 
negative. 

When a DC analog signal is output from the differ- 
ential amplifier 1 , the negative side of each capacitor 8 
performs an oscillation function on the basis of the DC 
potential of the output of the amplifier 1 , and the positive 
side of each capacitor 8 performs an oscillation function 
on the basis of the ground potential. 

A direct current is prevented from flowing through 
the windings of the transformer 6 since the DC compo- 
nents of the negative voltages at the output terminals 2 
and 3 are cut. 

In the transmitter of the sixth example, the capaci- 
tors 8 are forward -biased as in the transmitter of FIG. 13 
(the fifth example), ensuring the inherent functions of 
the capacitors 8. Thus, a device having the transmitter 
of the sixth example can operate reliably 

FIG. 1 5 shows the seventh example of the transmit- 
ter provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the seventh example, the ends of the resistors 9 
having the same value are respectively connected to 
the positive-side terminals of the two polar capacitors 8. 
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The other ends of the resistors 9 are connected to the 
ground terminals AG. This example is also directed to 
the case where the DC voltages at the output terminals 
2 and 3 are negative with respect to the ground poten- 
tials. The number of resistors is larger than that of resis- 
tors provided in the transmitter shown in each of FIGS. 
13 and 14, in order to more balance the AC component 

FIG. 16 shows the eighth example of the transmitter 
provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the eighth example, the transformer 6 and the 
resistor 9 are connected between the positive-side ter- 
minals of the two polar capacitors 8. One end of the 
resistor 9 is connected to the tap of the transformer 6, 
and the other end of the resistor 9 is connected to the 
ground terminal AG. This example is also directed to the 
case where the DC voltages at the output terminals 2 
and 3 are negative with respect to the ground potential. 
The tap is located at a middle point of the windings, bal- 
ancing the AC component as in the transmitter shown in 
FIG. 15. In the transmitter shown in FIG. 16, a common 
mode noise is applied to the transformer 6 through the 
resistor 9, and a common mode component is elimi- 
nated due to the common mode component-eliminating 
function of the transformer 6. As a result, no noise is 
transmitted to the communication line. 

FIG. 17 shows the ninth example of the transmitter 
provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the ninth example, one end of the resistor 9 is 
connected to the connecting point of the two polar 
capacitors 8, and the other end of the resistor 9 is con- 
nected to a positive power supply Vcc. This example is 
directed to the case where the DC voltages at the output 
terminals 2 and 3 are negative with respect to the poten- 
tial of the power supply Vcc. The potentials of the DC 
components at the positive sides of the capacitors 8 are 
held at the ground potential. The capacitors 8 are for- 
ward-biased since the potentials of the output terminals 
2 and 3 are negative. 

FIG. 1 8 shows the tenth example of the transmitter 
provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the tenth example, the positive-side terminals of 
the two polar capacitors 8 are connected through the 
transformer 6. One end of the resistor 9 is connected to 
the positive-side terminal of one of the capacitors 8 
which is connected to the output terminal 3 of the ampli- 
fier 1 , and the other end of the resistor 9 is connected to 
the positive power supply Vcc. This example is also 
directed to the case where the DC voltages at the output 
terminals 2 and 3 are negative with respect to the poten- 
tial of the power supply Vcc. The potentials of the DC 
components at the positive sides of the capacitors 8 are 
held at the potential of the positive power supply Vcc. 
The capacitors 8 are forward-biased since the poten- 
tials at the output terminals 2 and 3 are negative. 

FIG. 19 shows the eleventh example of the trans- 



mitter provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the eleventh example, the positive-side terminals 
of the two polar capacitors 8 are connected through the 

5 transformer 6. The ends of the resistors 9 are respec- 
tively connected to the capacitors 8, and the other ends 
of the resistors 9 are connected to the positive power 
supplies Vcc. This example is also directed to the case 
where the DC voltages at the output terminals 2 and 3 

10 are negative with respect to the potential of the power 
supplies VCC. The number of resistors is larger than 
that of resistors provided in the transmitter shown in 
each of FIGS. 17 and 18, in order to more balance the 
AC component. When the positive power supply poten- 

15 tial varies, the varied potential is transmitted to the 
transformer 6 as a common mode noise, and a common 
mode noise component is eliminated by the transformer 
6. 

FIG. 20 shows the twelfth example of the transmit- 

20 ter provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the twelfth example, the transformer 6 and the 
resistor 9 are connected between the positive-side ter- 
minals of the two polar capacitors 8. One end of the 

25 resistor 9 is connected to the tap of the transformer 6, 
and the other end of the resistor 9 is connected to the 
positive power supply Vcc. This example is also 
directed to the case where the DC voltages at the output 
terminals 2 and 3 are negative with respect to the poten- 

30 tial of the power supply Vcc. The tap is located at a mid- 
dle point of the windings, balancing the AC component 
as in the transmitter shown in FIG. 19. In the transmitter 
shown in FIG. 20, a common mode noise is applied to 
the transformer 6 through the resistor 9, and a common 

35 mode noise component is eliminated by the transformer 
6. As a result, no noise is transmitted to the communica- 
tion line. 

FIG. 21 shows the thirteenth example of the trans- 
mitter provided in the analog signal transmission circuit 

40 according to the embodiment of the present invention. 

In the thirteenth example, one end of the resistor 9 
is connected to a node at which the two polar capacitors 
8 are connected to each other, and the other end of the 
resistor 9 is connected to a negative power supply Vss. 

45 This example is also directed to the case where the DC 
voltages at the output terminals 2 and 3 are negative 
with respect to the potential of the negative power sup- 
ply Vss. The potentials of the DC components at the 
negative sides of the capacitors 8 are held at the poten- 

50 tial of the negative power supply Vss. The capacitors 8 
are forward -biased since the potentials at the output ter- 
minals 2 and 3 are positive. 

When a DC analog signal is output from the differ- 
ential amplifier 1 , the positive side of each capacitor 8 

55 performs an oscillation function on the basis of the DC 
potential of the output of the amplifier 1 , and the nega- 
tive side of each capacitor 8 performs an oscillation 
function on the basis of the negative power supply 
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potential. 

A direct current is prevented from flowing through 
the windings of the transformer 6 since the capacitors 8 
cut the DC components of the positive voltages at the 
output terminals 2 and 3. 

FIG. 22 shows the fourteenth example of the trans- 
mitter provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the fourteenth example, the negative-side termi- 
nals of the capacitors 8 are connected through the 
transformer 6. One end of the resistor 9 is connected to 
a node at which the transformer 6 is connected to the 
negative-side terminal of one of the capacitors 8 which 
is connected to the output terminal 3, and the other end 
of the resistor 9 is connected to the negative power sup- 
ply Vss. This example is also directed to the case where 
the DC voltages at the output terminals 2 and 3 are pos- 
itive with respect to the potential of the power supply 
Vss. The potentials of the DC components at the nega- 
tive sides of the capacitors 8 are held at the potential of 
the negative power supply Vss by the resistor 9. The 
capacitors 8 are forward -biased since the potentials at 
the output terminals 2 and 3 are positive. 

FIG. 23 shows the fifteenth example of the transmit- 
ter provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the fifteenth example, the negative-side termi- 
nals of the two polar capacitors 8 are connected through 
the transformer 6. The ends of the resistors 9 are 
respectively connected to the negative-side terminals of 
the capacitors 8, and the other ends of the resistors 9 
are connected to the negative power supplies Vss. This 
example is also directed to the case where the DC volt- 
ages at the output terminals 2 and 3 are positive with 
respect to the potential of the power supplies Vss. The 
number of resistors is larger than that of resistors pro- 
vided in the transmitter shown in each of FIGS. 21 and 
22, in order to more balance the AC component. When 
the ground potential varies, the varied potential is 
applied to the transformer 6 as a common mode noise, 
and a common mode component is eliminated by the 
transformer 6. 

FIG. 24 shows the sixteenth example of the trans- 
mitter provided in the analog signal transmission circuit 
according to the embodiment of the present invention. 

In the sixteenth example, the transformer 6 and the 
resistor 9 are connected between the negative-side ter- 
minals of the two polar capacitors 8. One end of the 
resistor 9 is connected to the tap of the transformer 6, 
and the other end of the resistor 9 is connected to the 
negative power supply Vss. This example is also 
directed to the case where the DC voltages at the output 
terminals 2 and 3 are positive with respect to the poten- 
tial of the power supply Vss. The tap is located at a mid- 
dle point of the windings, balancing the AC component 
as in the transmitter shown in FIG. 23. In the transmitter 
shown in FIG. 24, a common mode noise is applied to 
the transformer 6 through the resistor 9, and a common 
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mode noise component is eliminated by the transformer 
6. As a result, no noise is transmitted to the communica- 
tion line. 

FIG. 25 shows a circuit for applying a positive DC 

5 voltage to the output terminals 2 and 3 provided in each 
of the transmitters shown in FIGS. 8, 10 to 12 and 21 to 
24. A voltage dividing circuit comprising resistors 10 
and 1 1 generates an optional positive voltage by divid- 
ing the potential of the power supply Vcc and the ground 

10 potential. The positive voltage is applied to a positive 
input terminal 1 4 of the amplifier 1 . Thereby, the operat- 
ing point of the amplifier 1 is determined, and the output 
terminals 2 and 3 have the aforementioned positive volt- 
ages, and thus has DC operating point-potentials. A 

is negative-feedback resistor 12 is connected to a nega- 
tive input terminal 15 and the positive output terminal 2. 
An input resistor 13 is connected to the negative input 
terminal 15. The amplification degree of the amplifier 1 
depends on the total values of the negative-feedback 

20 resistor 1 2 and the input resistor 1 3. 

FIG. 26 shows a circuit for applying a negative DC 
voltage to the output terminals 2 and 3 provided in each 
of the transmitters shown in each of FIGS. 8, 10-12, and 
21-24. The voltage dividing circuit comprising the resis- 

25 tors 10 and 11 generates an optional negative voltage 
by dividing the potential of the negative power supply 
Vss and the potential of the ground terminal AG. The 
negative voltage is applied to the positive input terminal 

14 of the amplifier 1. Thereby, the operating point of the 
30 amplifier 1 is determined, and the output terminals 2 

and 3 have the above negative voltages, and thus have 
DC operating point-potentials. The negative-feedback 
resistor 12 is connected to the negative input terminal 

15 and the positive output terminal 2. The input resistor 
35 13 is connected to the negative input terminal 15. The 

amplification degree of the amplifier 1 depends on the 
total values of the negative-feedback resistor 1 2 and the 
input resistor 13. 

FIG. 27 shows a circuit for applying the potential of 

40 the ground terminal AG to the output terminals 2 and 3. 
The circuit can be applied to the transmitter shown in 
each of FIGS. 17, and 21-24 as means for applying a 
bias. The positive input terminal 14 of the amplifier 1 is 
connected to the ground terminal AG. Thereby, the 

45 operating point of the amplifier 1 is determined, and 
each of the output terminals 2 and 3 has the ground 
potential, and thus has a DC operating point potential. 
The negative-feedback resistor 12 is connected to the 
negative input terminal 1 5 and the positive output termi- 

50 nal 2. The input resistor 13 is connected to the negative 
input terminal 15. The amplification degree of the ampli- 
fier 1 depends on the total value of the negative-feed- 
back resistor 12 and the input resistor 13. 

As mentioned above, in the embodiment of the 

55 present invention, a predetermined DC bias is applied 
to those terminals of the two polar capacitors 8 which 
have the same polarity. As a result, the potentials of the 
DC components at the terminals are fixed at the DC 
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bias potential. Therefore, the relationship between the 
potential at one of the terminals and the DC offset 
potential of the output of the amplifier 1 is the same as 
that between the potential of the other and the DC offset 
potential of the output of the amplifier 1 . A forward DC 
voltage can be applied to each of the capacitors 8. 
Therefore, the capacitors 8 can perform their inherent 
functions. Thus, the resultant circuit has a high perform- 
ance. 

The analog signal transmission circuit according to 
the embodiment of the present invention is utilized as a 
line interface circuit (hybrid circuit) of a modem. In a reg- 
ular modem, the characteristic impedance of the line is 
600 ohm. Therefore, in the embodiment of the present 
invention, the values of the resistors 4 and 5 are set 
such that the impedance of the modem including the 
transformer 6 is 600 ohm. The value of each of the 
resistors 4 and 5 is set to be 300 ohm if a transformer is 
used which has a sufficient inductance and windings 
having a turns ratio of 1 to 1 . The optimal values of the 
resistors 4 and 5 are determined in accordance with the 
characteristics of the amplifier 1 and transformer 6. 

A four-wire communication line used for the user, as 
well as a two-wire communication line for a specific use, 
may be used as the aforementioned communication 
line. 

If the transmission line does not need to have a pre- 
determined impedance, the resistors 4 and 5 may be 
omitted, and may be replaced with a jumper wire having 
0 ohm. Furthermore, the present invention can also be 
applied to the transmission of an audio signal. 

According to the above explanations, the resistor is 
used as the element for applying a DC bias. However, 
the inductance element may be used as the element for 
applying a DC bias, instead of the resistor. 

The resistance value of the DC component of the 
inductance element is 0 ohm. However, the inductance 
element is featured in that the resistance value of the 
AC component is sufficient for a frequency of a signal 
used in the circuit. 

The capacitors 8 may be located in any position on 
the path extending from the output terminal 2 to the out- 
put terminal 3, if they are connected in series such that 
the terminals having the same polarity are connected to 
each other. For example, in the analog signal transmis- 
sion circuit shown in FIG. 8, even if the two polar capac- 
itors 8 are connected in series such that the output 
resistor 4 is provided between them, the same advan- 
tage is obtained. 

The resistor 9 may be located in any position of the 
path between the capacitors 8. 

Furthermore, the number of capacitors 8 is not lim- 
ited to two. It sometimes exceeds two in order that the 
capacitors 8 have a desired total capacitance. In this 
case, the capacitors 8 are connected either in series or 
in parallel. 

The number of resistors 9 is not limited to one. 



Claims 

1. An analog signal transmission circuit characterized 
by comprising: 

5 

a transformer (6); 

an amplifier (1) for driving the transformer; 
first and second polar capacitors (8) connected 
in series between the amplifier and the trans- 

io former such that those terminals of the first and 

second polar capacitors which have the same 
polarity are connected to each other; and 
an element (9), connected to the terminals of 
the first and second polar capacitors, for apply- 

15 ing a DC bias in accordance with the polarity of 

the terminals of the first and second polar 
capacitors. 

2. The circuit according to claim 1, characterized in 
20 that the element (9) applies the DC bias to the first 

and second polar capacitors such that a forward 
DC voltage is applied to the first and second polar 
capacitors. 

25 3. (FIGS. 8, 21 , 1 3, 1 7) The circuit according to claim 
1, characterized in that: 

the amplifier has differential output terminals 
(2, 3) respectively connected to ends of one of 

30 windings of the transformer; 

the first and second polar capacitors (8) are 
connected in series on one of a path extending 
between said one of the windings and a posi- 
tive one (2) of the output terminals of the ampli- 

35 fier and a path extending between said one of 

the windings and a negative one (3) of the out- 
put terminals of the amplifier, such that said ter- 
minals of the first and second polar capacitors 
which have the same polarity are connected to 

40 each other; and 

the element includes one of a resistor (9) and 
an inductance element, one end of said one of 
the resistor and the inductance element being 
connected to a node at which the first and sec- 

45 ond polar capacitors are connected to each 

other, the other end of said one of the resistor 
and the inductance element being connected 
to a predetermined power supply terminal. 

so 4. (FIG. 8) The circuit according to claim 3, character- 
ized in that the first and second polar capacitors (8) 
are connected in series such that negative-side ter- 
minals of the first and second polar capacitors are 
connected to each other, and said other end of said 

55 one of the resistor and the inductance element is 
connected to a ground potential supplying terminal 
(AG). 
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5. (FIG. 21) The circuit according to claim 3, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series such that negative-side 
terminals of the first and second polar capacitors 
are connected to each other, and said other end of 5 
said one of the resistor and the inductance element 

is connected to a negative power supply terminal 
(Vss). 

6. (FIG. 13) The circuit according to claim 3, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series such that positive-side 
terminals of the first and second polar capacitors 
are connected to each other, and said other end of 
said one of the resistor and the inductance element 
is connected to a ground potential supplying termi- 
nal (AG). 

7. (FIG. 17) The circuit according to claim 3, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series such that positive-side 
terminals of the first and second polar capacitors 
are connected to each other, and said other end of 
said one of the resistor and the inductance element 
is connected to a positive power supply terminal 
(Vcc). 

8. (FIGS. 1 0. 22, 1 4, 1 8) The circuit according to claim 
1, characterized in that: 

the amplifier (1) has differential output termi- 
nals respectively connected to ends of one of 
windings of the transformer (6); 
the first and second polar capacitors (8) are 
connected in series through said one of the 
windings of the transformer (6) such that said 
terminals of the first and second polar capaci- 
tors which have the same polarity are con- 
nected to each other; and 
the element includes one of a resistor (9) and 
an inductance element, one end of said one of 
the resistor and the inductance element being 
connected to a node at which said one of the 
windings is connected to one of the first and 
second polar capacitors, the other end of said 
one of the resistor and the inductance element 
being connected to a predetermined power 
supply potential supplying terminal (Vss). 

9. (FIG. 10) The circuit according to claim 8, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that negative- 
side terminals of the first and second polar capaci- 
tors are connected to each other, and said other 
end of said one of the resistor and the inductance 
element is connected to a ground potential supply- 
ing terminal (AG). 



10. (FIG. 22) The circuit according to claim 8, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that negative- 
side terminals of the first and second capacitors are 
connected to each other, and said other end of said 
one of the resistor (9) and the inductance element 
is connected to a negative power supply terminal 
(Vss). 

11. (FIG. 14) The circuit according to claim 8, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that positive- 
side terminals of the first and second capacitors are 
connected to each other, and said other end of said 
one of the resistor and the inductance element is 
connected to a ground potential supplying terminal 
(AG). 

12. (FIG. 18) The circuit according to claim 8, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that positive- 
side terminals of the first and second polar capaci- 
tors are connected to each other, and said other 
end of said one of the resistor (9) and the induct- 
ance element is connected to a positive power sup- 
ply terminal (Vcc). 

13. (FIGS. 11, 23, 15, 19) The circuit according to claim 
1, characterized in that: 

the amplifier (1) has differential output termi- 
nals respectively connected to ends of said one 
of the windings of the transformer (6); 
the first and second polar capacitors (8) are 
connected in series through said one of the 
windings of the transformer (6) such that said 
terminals of the first and second polar capaci- 
tors which have the same polarity are con- 
nected to each other; and 
the element (9) includes (i) one of a first resis- 
tor and a first inductance element, one end of 
said one of the first resistor and the inductance 
element being connected to a node at which 
said one of the windings is connected to the 
first polar capacitor, the other end of said one of 
the first resistor and the inductance element 
being connected to a predetermined power 
supply potential supplying terminal (Vss, Vcc), 
and (ii) one of a second resistor and a second 
inductance element, one end of said one of the 
second resistor and the second inductance ele- 
ment being connected to a node at which said 
one of the windings is connected to the second 
polar capacitor, and the other end of said one 
of the resistor and the second inductance ele- 
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ment being connected to the predetermined 
power supply potential supplying terminal (Vss, 
Vcc). 

14. (FIG. 11) The circuit according to claim 13, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that negative- 
side terminals of the first and second polar capaci- 
tors are connected to each other, and said other 
end of said one of the first resistor and the first 
inductance element (9) and said other end of said 
one of the second resistor and the second induct- 
ance element are connected to a ground potential 
supplying terminal (AG). 

15. (FIG. 23) The circuit according to claim 13, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that negative- 
side terminals of the first and second polar capaci- 
tors are connected to each other, and said other 
end of said one of the first resistor and the first 
inductance element (9) and said other end of said 
one of the second resistor and the second induct- 
ance element (9) are connected to a negative 
power supply terminal. 

16. (FIG. 15) The circuit according to claim 13, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that positive- 
side terminals of the first and second polar capaci- 
tors are connected to each other, and said other 
end of said one of the first resistor and the first 
inductance element (9) and said other end of said 
one of the second resistor and the second induct- 
ance element (9) are connected to a ground poten- 
tial supplying terminal (AG). 

17. (FIG. 19) The circuit according to claim 13, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series through said one of the 
windings of the transformer (6) such that positive- 
side terminals of the first and second polar capaci- 
tors are connected to each other, and said other 
end of said one of the first resistor and the first 
inductance element (9) and said other end of said 
one of the second resistor and the second induct- 
ance element (9) are connected to a positive power 
supply terminal (Vcc). 

18. (FIGS. 12,24, 16, 20) The circuit according to claim 
1 , characterized in that: 

the amplifier (1) has differential output termi- 
nals respectively connected to ends of one of 
windings of the transformer (6); 



the first and second polar capacitors (8) are 
connected in series through said one of the 
windings of the transformer such that said ter- 
minals of the first and second polar capacitors 
5 which have the same polarity are connected to 

each other; and 

the element (9) includes one of a resistor and 
an inductance element, one end of said one of 
the resistor and the inductance element being 
10 connected to a middle tap of the transformer, 

the other end of said one of the resistor and the 
inductance element being connected to a pre- 
determined power supply potential supplying 
terminal (AG, Vss, Vcc). 

15 

19. (FIG. 12) The circuit according to claim 18, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series such that negative-side 
terminals of the first and second polar capacitors 
20 are connected to each other, and said other end of 
said one of the resistor (9) and the inductance ele- 
ment is connected to a ground potential supplying 
terminal (AG). 

25 20. (FIG. 24) The circuit according to claim 18, charac- 
terized in that the first and second polar capacitors 
(8) are connected in series such that negative-side 
terminals of the first and second polar capacitors 
are connected to each other, and said other end of 

30 said one of the resistor and the inductance element 
is connected to a negative power supply terminal 
(Vss). 

21. (FIG. 16) The circuit according to claim 18, charac- 
35 terized in that the first and second polar capacitors 

(8) are connected in series such that positive-side 
terminals of the first and second polar capacitors 
are connected to each other, and said other end of 
said one of the resistor (9) and the inductance ele- 
40 ment is connected to a ground potential supplying 
terminal (AG). 

22. (FIG. 20) The circuit according to claim 18, charac- 
terized in that the first and second polar capacitors 

45 (8) are connected in series such that positive-side 
terminals of the first and second polar capacitors 
are connected to each other, and said other end of 
said one of the resistor and the inductance element 
is connected to a positive power supply terminal 

50 (VCC). 

23. (FIG. 25) The circuit according to claim 4, charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 

55 positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
' operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
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ground potential (AG), thereby generating an 
optional positive voltage, and applying the positive 
voltage to the positive input terminal of the differen- 
tial amplifier, thereby making the positive and nega- 
tive output terminals of the differential amplifier 5 
output positive DC voltages. 

24. (FIG. 25) The circuit according to claim 9, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
ground potential (AG), thereby generating an 
optional positive voltage, and applying the positive 
voltage to the positive input terminal of the differen- 
tial amplifier, thereby making the positive and nega- 
tive output terminals of the differential amplifier 
output positive DC voltages. 

25. (FIG. 25) The circuit according to claim 14, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15). and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
ground potential (AG), thereby generating an 
optional positive voltage, and applying the positive 
voltage to the positive input terminal of the differen- 
tial amplifier, thereby making the positive and nega- 
tive output terminals of the differential amplifier 
output positive DC voltages. 

26. (FIG. 25) The circuit according to claim 19, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
ground potential (AG), generating an optional posi- 
tive voltage, and applying the positive voltage to the 
positive input terminal of the differential amplifier, 
thereby making the positive and negative output 
terminals of the differential amplifier output positive 
DC voltages. 

27. (FIG. 25) The circuit according to claim 5, charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (12), a negative input termi- 
nal (15). and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
ground potential (AG), generating an optional posi- 
tive voltage, and applying the positive voltage to the 



20 

positive input terminal of the differential amplifier, 
thereby making the positive and negative output 
terminals of the differential amplifier output positive 
DC voltages. 

28. (FIG. 25) The circuit according to claim 10, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
ground potential (AG), generating an optional posi- 
tive voltage, and applying the positive voltage to the 
positive input terminal of the differential amplifier, 
thereby making the positive and negative output 
terminals of the differential amplifier output positive 
DC voltages. 

29. (FIG. 25) The circuit according to claim 15, charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
ground potential (AG), generating an optional posi- 
tive voltage, and applying the positive voltage to the 
positive input terminal of the differential amplifier, 
thereby making the positive and negative output 
terminals of the differential amplifier output positive 
DC voltages. 

30. (FIG. 25) The circuit according to claim 20, charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a positive power supply voltage (Vcc) and a 
ground potential (AG), generating an optional posi- 
tive voltage, and applying the positive voltage to the 
positive input terminal of the differential amplifier, 
thereby making the positive and negative output 
terminals of the differential amplifier output positive 
DC voltages. 

31. (FIG. 26) The circuit according to claim 6, charac- 
terized in that the amplifier (11) comprises a differ- 
ential amplifier having a positive input terminal (14), 
a positive output terminal (12), a negative input ter- 
minal (15), and a negative output terminal (3), and 
an operating point-determining circuit (10, 11) for 
dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 
to the positive input terminal of the differential 
amplifier, thereby making the positive and negative 
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output terminals of the differential amplifier output 
negative DC voltages. 

32. (FIG. 26) The circuit according to claim 1 1 , charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 
to the positive input terminal of the differential 
amplifier, thereby making the positive and negative 
output terminals of the differential amplifier output 
negative DC voltages. 

33. (FIG. 26) The circuit according to claim 16, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (12), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 
to the positive input terminal of the differential 
amplifier, thereby making the positive and negative 
output terminals of the differential amplifier output 
negative DC voltages. 

34. (FIG. 26) The circuit according to claim 21, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplif ier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 
to the positive input terminal of the differential 
amplifier, thereby making the positive and negative 
output terminals of the differential amplifier output 
negative DC voltages. 

35. (FIG. 26) The circuit according to claim 7, charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10. 11) for 
dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 
to the positive input terminal of the differential 
amplifier, thereby making the positive and negative 
output terminals of the differential amplifier output 
negative DC voltages. 



36. (FIG. 26) The circuit according to claim 12, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 

5 nal (15), and a negative output terminal (3), and an 

operating point-determining circuit (10, 11) for 
dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 

10 to the positive input terminal of the differential 
amplifier, thereby making the positive and negative 
output terminals of the differential amplifier output 
negative DC voltages. 

15 37. (FIG. 26) The circuit according to claim 17, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15), and a negative output terminal (3), and an 

20 operating point-determining circuit (10, 11) for 
dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 
to the positive input terminal of the differential 

25 amplifier, thereby making the positive and negative 
output terminals of the differential amplifier output 
negative DC voltages. 

38. (FIG. 26) The circuit according to claim 22, charac- 
30 terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (12), a negative input termi- 
nal (15), and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 

35 dividing a negative power supply voltage (Vss) and 
a ground potential (AG), generating an optional 
negative voltage, and applying the negative voltage 
to the positive input terminal of the differential 
amplifier, thereby making the positive and negative 

40 output terminals of the differential amplifier output 
negative DC voltages. 

39. (FIG. 27) The circuit according to claim 7, charac- 
terized in that the amplifier (1 ) comprises a differen- 

45 tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 

so input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

55 40. (FIG. 27) The circuit according to claim 12, charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
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na! (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 
input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

41. (FIG. 27) The circuit according to claim 17, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 
input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

42. (FIG. 27) The circuit according to claim 22, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 
input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

43. (FIG. 27) The circuit according to claim 5, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 
input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

44. (FIG. 27) The circuit according to claim 10, charac- 
terized in that the amplifier (1) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 
input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

45. (FIG. 27) The circuit according to claim 15, charac- 
terized in that the amplifier (1) comprises a differen- 



tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 
input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

46. (FIG. 27) The circuit according to claim 20, charac- 
terized in that the amplifier (1 ) comprises a differen- 
tial amplifier having a positive input terminal (14), a 
positive output terminal (2), a negative input termi- 
nal (15) and a negative output terminal (3), and an 
operating point-determining circuit (10, 11) for 
applying a ground potential (AG) to the positive 
input terminal of the differential amplifier, thereby 
making each of the positive and negative output ter- 
minals of the differential amplifier output the ground 
potential. 

47. A data processing apparatus characterized by com- 
prising: 

a memory circuit (13) for storing data; 
a CPU (11) for controlling a reading operation 
in which data is read out from the memory cir- 
cuit and a writing operation in which data is 
written in the memory circuit; 
a modulator (28, 46, 50) for modulating the 
data read out by the CPU from the memory cir- 
cuit, and demodulating a signal externally 
transmitted through a communication line; and 
an analog signal transmission circuit (FIG. 8) 
comprising (i) a transformer (6), (ii) an amplifier 
(1) for driving the transformer, (iii) first and sec- 
ond polar capacitors (8) connected in series 
between the amplifier and the transformer such 
that those terminals of the first and second 
polar capacitors which have the same polarity 
are connected to each other; and (iv) an ele- 
ment (9), connected to one of said terminals of 
the first and second polar capacitors which 
have the same polarity, for applying a DC bias 
to said one of said terminals of the first and 
second capacitors in accordance with the 
polarity of said terminals of the first and second 
polar capacitors. 
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